Inactive nuclei of chick erythrocyte resume RNA synthesis and increase in volume and dry mass in heterokaryons made by virus-induced fusion of human tumor cells (HeLa) with chick erythrocytes.
Nuclear growth is due primarily to migration of human macromolecules into the chick nucleus. Human nucleoplasmic antigens were detected in the nucleoplasm and human nucleolar antigens were detected in the nucleoli of reactivated chick erythrocyte nuclei. After some time, chick-specific nucleolar antigens appear in the nucleoli of both the reactivated chick nuclei and the HeLa cellnuclei. The results suggest that human nuclear proteins play an important part in the reactivation of the chick genome. ' The nuclei of mature chick erythrocytes are inactive with respect to RNA, DNA, and protein synthesis (1) . Harris (2, 3) has demonstrated that in heterokaryons formed by fusing chick erythrocytes with HeLa cells with the aid of UV-inactivated Sendai virus, the chick-erythrocyte nuclei are reactivated and resume RNA synthesis. At an early stage of the reactivation process, the deoxyribonucleoprotein undergoes marked changes in dye-binding capacity and in the stability of the DNA component to thermal denaturation and to acid hydrolysis (4) . Nuclear volume and dry mass increase and the condensed chromatin of the inactive erythrocyte nucleus is dispersed (3, 5) . This process is paralleled by an accelerated RNA synthesis (2), but nuclear growth occurs also if chick RNA synthesis is blocked by UV-irradiation of the erythrocytes before cell fusion (3, 5) . Chickspecific antigen synthesis has not been detected until after the formation of the nucleoli. Nucleoli, which are visible by the light microscope, appear 2-4 days after cell fusion (6) . Since the erythrocyte nuclei undergo a 5-to 8-fold increase in dry weight during the first 48 hr, these results suggest that the erythrocyte nuclei grow by taking up proteins from the cytoplasm, the majority of which must be of human origin. In order to obtain direct evidence for this conclusion and with the purpose of elucidating factors involved in the reactivation process, we have examined the distribution of human nuclear antigens in chick erythrocyte x HeLa heterokaryons with the aid of antinuclear antibodies from patients with autoimmune diseases.
MATERIAL AND METHODS Cells
We obtained chick erythrocytes from 15- The patient sera used in this investigation were selected from a large collection that was obtained from patients with autoimmune diseases. When applied to HeLa cells in the indirect immune fluorescence method. antibodies to human nucleoli gave a strong and well-defined nucleolar fluorescence (Fig. 1) ; antibodies to human nucleoplasm reacted mainly with antigens in the nucleoplasm (Fig. 2) but also with the nucleolus, whereas antibodies to human cytoplasm showed a predominantly cytoplasmic fluorescence (Fig. 3) , the nuclei appearing as dark holes. Chick cells (fibroblasts, epithelial cells, and erythrocytes) reacted weakly or not at all with the human sera (Figs. 1-3 ). HeLa and chick cells stained with control sera from healthy humans showed a negligible reaction.
The rabbit serum directed against chick nucleolar antigen(s) reacted with chick nucleoli, and to some extent with cytoplasmic antigens (Fig. 4) . Chick erythrocyte nuclei (which lack nucleoli) and HeLa cells did not react with antibodies to the nucleolar antigens. A summary of the properties of the different sera used is given in Table 1 .
Immune fluorescence of chick erythrocyte nuclei in heterokaryons Shortly after cell fusion, some chick erythrocyte nuclei, primarily those which seemed to enlarge most rapidly, gave heterokaryon, 72 hr after cell-fusion, containing three HeLacell nuclei and five chick-erythrocyte nuclei, showing nucleoplasmic fluorescence after staining with antiserum to human nucleoplasm. 9. In the center, a heterokaryon, 42 hr after cell-fusion, containing one HeLacell nucleus and two chick-erythrocyte nuclei. All nuclei failed to stain with a serum directed against human cytoplasmic antigens. 10. A heterokaryon, 96 hr after cell-fusion, containing four HeLa-cell nuclei and three chick nuclei (left), stained with rabbit antibodies directed against chick nucleolar antigens. Two different exposures are presented in order to illustrate that both chick and human nucleoli stain. The HeLa-cell nucleus, surrounded on both sides by chick nuclei, has the strongest nucleolar fluorescence. a highly positive reaction with human antinuclear antibodies. The number of chick nuclei that reacted with antisera to human nucleoli and nucleoplasm increased gradually within a 42-hr period, whereas at all stages examined the chick nuclei remained negative with respect to the antiserum to human cytoplasmic antigens (Fig. 5) .
As nucleoli formed in the chick nuclei, they gave a positive fluorescence reaction with both human-and chick-specific antinucleolar antibodies (Fig. 6, Fig. 10 ). The reaction with the human antibodies appeared sooner (Fig. 5) and was stronger than the reaction with the anti-chick antibodies.
The pattern of fluorescence changed with increasing nuclear size from a few small and relatively weakly staining spots to a more generalized staining of the chromatin that became concentrated in 2-3 distinct nucleolar bodies in the largest nuclei, as illustrated by the sequence of pictures in Fig. 7 . Human autoantibodies directed against antigens in the nucleoplasm also showed a very strong binding to enlarged erythrocyte nuclei (Fig. 8) . At 28 hr after cell fusion, about 20% of the erythrocyte nuclei present in heterokaryons showed some reaction with the antiserum to human nucleoplasm, whereas close to 100% of these nuclei gave a positive reaction with the human specific antinucleolar antibodies.
A serum reacting strongly with human cytoplasmic antigens, but not with human nuclei, failed to stain erythrocyte nuclei of the chick at all stages examined (Figs. 5 and 9 ). HeLa and chick nucleoli became strongly positive. Microfluorimetric measurements revealed (after taking the larger size of the HeLa nucleoli into consideration) that the staining of the HeLa nucleoli was as intense as that of the nucleoli in the chick nuclei (Fig. 10) . 76 hr after cell-fusion, some mononucleated, large cells with a morphology resembling that of HeLa cells also reacted with the chick-specific antinucleolar antibodies, suggesting that synkaryons containing both human and chick genomes had formed.
The intensity with which HeLa nucleoli reacted with the antiserum to chick nucleoli in heterokaryons was clearly dependent upon the ratio of HeLa-to chick-cell nuclei. With increasing ratios of HeLa/chick nuclei, the fluorescence intensity of individual HeLa-cell nucleoli decreased. Within the individual heterokaryons, the HeLa-cell nuclei closest to the chick-erythrocyte nuclei gave the strongest reaction (see HeLa nucleoli in Fig. 10 ), suggesting the presence of a gradient of chick nucleolar antigens throughout the cytoplasm of the heterokaryon.
DISCUSSION
The present results offer direct evidence that human macromolecules move into the chick-erythrocyte nucleus (luring its reactivation in HeLa cytoplasm. Human antigens characteristic of the nucleolus and the nucleoplasm appear in analogous parts of the chick nucleus as it grows in size. Some antigens characteristic of human cytoplasm, which are not present in any major quantities in HeLa-cell nuclei do not accumulate in the chick nucleus. This shows that nuclear growth is not merely a passive swelling process with a random uptake of human proteins from the cytoplasm. It appears, on the contrary, to be a highly specific process, since only certain types of human antigens, those found in human nuclei, are concentrated in the chick nuclei. This specificity may result from a selective penetration through the nuclear membrane and/or a selective binding of certain types of proteins to the deoxyribonucleoprotein in the chromatin.
Virtually all proteins found in the nucleus as part of the deoxyribonucleoprotein, or in the nucleolus, appear to be synthesized in the cytoplasm (9) (10) (11) (12) . Some of these proteins shuttle back and forth between the cytoplasm and the nuclear compartment, whereas others, after entering the nucleus, tend to remain there (nonshuttling proteins) (9, 10) . Altered properties of the deoxyribonucleoprotein, such as has been observed in this system (4), may be the direct cause of the trapping of certain proteins in the nuclear compartment causing an increase in nuclear weight (5) . The fact that human nucleolar antigens accumulate in the chick nucleolus and not randomly in the chromatin is most likely due to a specific affinity of some nucleolar proteins for the nucleolus-organizing chromatin regions. That the state of the chromatin seems to determine the binding of the antigens studied here is further stressed by the observation that during mitotic chromosome condensation in HeLa cells, the antigens detected by the antisera to human nucleolus and nucleoplasm seem to become evenly distributed throughout the cytoplasm; the condensed chromosomes showed little fluorescence (to be published).
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antinucleolar antibodies appeared well before 30 hr after cell fusion, which is considerably earlier than previously observed (3, 6) . This discrepancy is probably mainly due to the greater resolving power of the immune fluorescence method, as compared to normal phase contrast microscopy (unstained cells) or light microscopy (stained cells). The observation that chick-erythrocyte nucleoli stain positive with human-specific antinucleolar antibodies before they turn positive with the antichick antibodies (Fig. 5) may have several explanations. On the basis of observations made by Harris et al. (3, 6) concerning the role of the nucleolus in RNA transport, it may be that the chick nucleus has to form its initial nucleolus from human macromolecules before a messenger molecule coding for the chick nucleolar components can be transported into the cytoplasm and translated there into chick nucleolar proteins. The appearance of chick nucleolar antigens in the HeLa-cell nucleoli after the reactivation of the chick nucleus is analogous with the observation of human-nucleolar antigens in the chick nucleoli. Chick and human nucleolar components appear to be similar in their tendency to accumulate in nuclear compartments and in binding to the nucleolarorganizing chromatin regions. The fact that the nuclei come from cells representing different species seems to be of little importance. Yet human and chick proteins are different enough to permit a high degree of immunological species specificity.
The nature of the antigens detected by our sera is not yet known. Nucleolospecific staining patterns have been observed previously in connection with autoimmune diseases (14, 15) . The antigen studied by Swanson Beck is destroyed by RNase but cannot be absorbed by RNA alone (14) . The staining pattern observed with nucleoplasmic antigens corresponds to the "speckled" pattern observed in some cases of systemic lupus erythematosus. This antigen is believed to be a soluble glycoprotein that is present in nucleoplasm (16) .
It appears on the basis of the results reported here that human autoantibodies against nuclear components can provide a useful tool in elucidating the manner by which the chick genome is reactivated in chick erythrocyte x HeLa-cell heterokaryons.
